Freshwater green algal biofouling of boats refers to the accrual of freshwater green algae on boats immersed in water. The current research focused on the morphological characteristics of the isolates, species ecology, and the physicochemical properties of the water at the sampling sites. Two localities, Haji Zai and Sardaryab, were sampled at the Kabul River in the district of Charsadda, Pakistan. Freshwater green algae causing biofouling were isolated from the boats. A total of three genera: Cladophora, Rhizoclonium, and Spirogyra with fifteen species belonging to the families Cladophoraceae and Zygnemataceae were observed. Statistical analysis reveals significant stimulation of green algal species in the boats' fouled communities by increases in water temperature, conductivity, and Total Suspended Solids (TSS). The algal growth at the Haji Zai site is suppressed by TDS in autumn (Pearson -0.56) and is stimulated by water temperature in spring (Pearson 0.44). At the Sardaryab site, algae were stimulated in spring by pH of water * Corresponding author: barinova@research.haifa.ac.il (Pearson 0.61), and suppressed by Total Dissolved Solids (TDS) in autumn (Pearson -0.43). Statistical analysis indicates that pH, conductivity, and temperature are the main factors determining the algal biofouling in the Kabul River.
INTRODUCTION
It is known that the pollution of large rivers is a consequence of the number of people living on their banks and the intensity of economic development (Padisák et al. 1991) . The primary production intensity in a river is correlated with the water flow rate (Bourassa and Cattaneo 1998) and the nutrient concentrations (Biggs 2000) . Since the origin of water bodies, their coasts and adjacent platforms have been rapidly fouled with algae (Railkin 2004) . Some of the green algae accumulated on the interfaces of immersed aquatic substrates forming conspicuous and sometimes nuisance growths (Lee 2008) .
Fouling consists in accumulation of unwanted material at the interface immersed in water (Awad 2011 , Dürr and Thomason 2010 , Evans and Hoagland 1986 . It is mostly dead material and consists of detritus and organic or inorganic compounds, but it may also comprise organisms varying in size − from minute viruses to giant kelps (Callow 1986 , Melo and Bott 1997 , Dürr and Thomason 2010 . By using the prefix bio, an extensive body of work is deliberately excluded from the broadest sense of fouling. Biofouling is thus the accrual of a biological community at an interface (Melo and Bott 1997 , Flemming 2002 , Lagalice 2006 , Teng et al. 2008 , Andrewartha 2010 , Dürr and Thomason 2010 .
Algal biofouling generally refers to the attachment of algae onto man-made or natural submerged substrates (Kuwabara 1986 , Loeb 1986 ), mostly green filament algae Enteromorpha in the marine environment (Callow and Callow 2002) , and green algae Cylindrocystis and Zygnema together with Gomphonema and Cymbella (diatoms) in fresh waters (Perkins et al. 2010) . Freshwater green algal biofouling of boats refers to the accrual of freshwater green algal communities on boats immersed in water. Biofouling algal species lead to speed reduction of boats. With the additional fuel consumption, algal species induce corrosion on metallic-based materials, which look filthy.
The Kabul River is the main water transport artery of Pakistan, and boating here is rather developed. Because studies of the Kabul River are in the early stages, there is no information published on the anthropogenic load in the studied section of the river, so we work only on the basis of impression in the process of our sampling. Therefore, the problem of boats fouling by algae has not only aesthetical but also the economic importance. Studies of freshwater algae in Pakistan are in the initial stages. Earlier, we revealed that algal diversity in Pakistan is dependent on anthropogenic pollution as well as on major climatic differences (Barinova et al. 2013) . The aim of our study was to reveal algal diversity on communities of boats and to define the main environmental factors that influence the algal growth.
MATERIALS AND METHODS

Sampling sites
Samples were collected at the Kabul River from two different localities in the district of Charsadda. The district Charsadda lies between 34° 03' and 34° 38' north latitude and 71° 28' and 71° 53' east longitude, with an altitude of 1020 feet above sea level. The district covers an area of 996 km 2 (District census report 1998). The sites are Haji Zai and Sardaryab as shown in Figure 1 . Water quality of the Kabul River is affected by miscellaneous industrial and domestic wastewaters and therefore is more polluted down the river (Ullah et al. 2013) . As a result of our impression in the process of sample collection, we assume that at the Sardaryab site there is more pollution because there are more villages. Also the Sardaryab site has small mills (Mabel factories) which directly dump their waste into the river. The Haji Zai site is located upstream and can be considered as the reference.
Collection of Samples
A total of 30 samples were collected from all sampling sites. Samples were collected in a 100-meter radius on each individual location. Sampling was carried out during the autumn and spring seasons in 2013. At each site, samples were collected from the inside and interfaces and hulls of the boats by scraping the surface with a sterile razor blade and by hand picking. The samples were brought into a laboratory in standard specimen bottles.
Temporary preservation
The isolates were immediately preserved with neutral Lugol's Iodine solution, 0.5 ml per 100 ml water sample, and stored for a short time (Edler and Elbrächter 2010) .
Identification of isolates
Microscopic morphology of the isolates was determined using the wet-mount staining method. This was done by using a sterile micromanipulator to pick up algal filaments from temporarily preserved samples and placed onto a clean glass slide on which a drop of distilled water had been added. A drop of lactophenol cotton blue stain was added, and the preparation was covered with clean cover slips. The slides were subsequently viewed under 10×, 20×, 40×, and 60× OLYMPUS microscope objectives. Images of the taxa were taken with a BRESSER digital microscope. Standard references of Bellinger and Sigee (2010) , Prescott (1962) , Transeau (1951) , and Collins (1909) were followed for taxonomic identification. 
Permanent preservation and storage
The samples were preserved in neutral formaldehyde and kept in darkness for a long time to avoid spoilage (Edler and Elbrächter 2010) .
Determination of physicochemical properties of water
Physicochemical properties of the water from the sampling sites such as surface water temperature (Fig.  2) , pH ( Fig. 3) , conductivity (Fig. 4) , total dissolved solids ( Fig. 5) , and total suspended solids ( Fig. 6) were determined on the spot with a portable physicochemical kit for water.
Statistical analysis
Statistical analysis of the correlation between species diversity and the main water condition variables was calculated by distance-weighted least squares using the Statistica 7.1 Program.
Statistical significance of variables was assessed using the Pearson correlation method from wessa.net.
Canonical Correspondence Analysis (CCA) with CANOCO for Windows 4.5 package (Ter Braak and Šmilauer 2002) was used to determine the relationships of species diversity in algal communities and their environmental variables.
RESULTS AND DISCUSSION
Physicochemical properties of the water collected from the sampling sites show differences related to changing seasons and between sites in the study area. As it can be seen in Figures 2-6, water variables have low amplitudes and reflect clear fresh water with low salinity and alkaline pH. In autumn, the temperature is low, while it is slightly high in the spring season as shown in Figure 2 . Low pH of the water in autumn slightly rises in the spring as shown in Figure 3 . Conductivity (Fig. 4) , total dissolved solids (Fig. 5) , and total suspended solids (Fig. 6 ) of the water also show variation with different seasons. Consequently, they are low in autumn and slightly high in spring. All the physicochemical properties of water ( Fig. 2-6) show low readings at the Haji Zai site and high readings at the Sardaryab site.
A total of fifteen freshwater green algae species from the genera Cladophora, Rhizoclonium, and Spirogyra, and families Cladophoraceae and Zygnemataceae were observed in the boats' submerged communities. In spring they grow abundantly, while in autumn their growth ceased. The most encouraging growth season was observed in spring. Among the recorded freshwater green algae from the two study sites, Spirogyra is the most abundant genus represented by six species: Spirogyra aequinoctialis, Spirogyra collinsii, Spirogyra crassa, Spirogyra micropunctata, Spirogyra pratensis, and Spirogyra scrobiculata. The genus Cladophora is the second most abundant and is represented by five species: Cladophora crispata, Cladophora fracta, Cladophora glomerata, Cladophora insignis, and Cladophora oligoclona, while Rhizoclonium is the least abundant genus represented by four species: Rhizoclonium crassipellitum, Rhizoclonium fontanum, Rhizoclonium hieroglyphicum, and Rhizoclonium hookeri.
Biofouling of boats in freshwater environments has not received enough attention (Loeb 1986 , Jenner et al. 1998 ) but was sufficiently studied in marine environments (Melo and Bott 1997) . The current research work is the first report from this part of the world. We described the speciesenvironment relationships but also constructed the taxonomic identification key based on the morphology of fifteen species which is presented below and in Figures 7, 8, 9 , and 10.
Taxonomic Identification Key of the Genus
Cladophora
Cladophora crispata (Roth) Kützing 1843, P. 264
Free floating, forming delicate thalli of successively branched filaments with long cylindrical cells, gradually attenuated in branches to slightly narrowed but rounded apices. The main axis 45-48 µm in diameter, branches 22-24 µm in diameter. Cells of branches are 353-357 µm long (Collins 1909 , Prescott 1962 , Bellinger and Sigee 2010 .
Cladophora fracta (Kützing) Brand ex Heering 1921, P. 46
A coarse rigid taxon with very little branching. The branches arise irregularly. Cells are long and cylindrical, 41-43 µm in diameter (Collins 1909 , Prescott 1962 , Bellinger and Sigee 2010 .
Cladophora glomerata (L.) Kützing 1845, P. 212
Attached, forming dark green, feathery arbuscular The thalli are composed of straight, coarse, and sparsely branched filaments. The branches often arise at right angles to the main axis and are slightly smaller. The main filament is 95-103 µm in diameter; branches are 54-57 µm in diameter and 268-275 µm in length (Collins 1909 , Prescott 1962 , Bellinger and Sigee 2010 .
Cladophora oligoclona Kützing 1845, P. 218
The thalli have little branches, which are dichotomous; the secondary branches bear many unilaterally thorn-like one-celled branches. Cells in the main axis cylindrical 45-47 µm in diameter, and 140-143 µm long. Branches of the first order 30-32 µm in diameter and 240-245 µm long (Collins 1909 , Prescott 1962 , Bellinger and Sigee 2010 .
Taxonomic Identification Key of the Genus
Rhizoclonium
Rhizoclonium crassipellitum West et West 1897, P. 35
Filaments very coarse and unbranched, twisted, and entangled into a floating mat. Cells are cylindrical with thick lamellate walls 65-68 µm in diameter and 130-135 µm long (Collins 1909 , Prescott 1962 , Bellinger and Sigee 2010 . (Collins 1909 , Prescott 1962 , Bellinger and Sigee 2010 .
Rhizoclonium hieroglyphicum (Wolle) Collins 1909, P. 169 A form with short rhizoidal lateral branches. Filaments are 40-43 µm in diameter and cells 200-210 µm long (Collins 1909 , Prescott 1962 , Bellinger and Sigee 2010 .
Rhizoclonium hookeri Kützing 1849, P. 383
Filaments crisp, composed of long cylindrical cells, 60-67 µm in diameter and 310-325 µm long. Cells of the branches are about the same diameter as those of the main filament. Secondary branching is rare (Collins 1909 , Prescott 1962 , Bellinger and Sigee 2010 .
Taxonomic Identification Key of the Genus
Spirogyra
Spirogyra aequinoctialis G. S. West 1907, P. 105
Vegetative cells are long, cylindrical, 25-27 μm in diameter, 133-135 μm long, with plane end walls. Chloroplasts 3, making 1.5 turns. Zygospores ovate (Collins 1909 , Prescott 1962 , Transeau 1951 , Bellinger and Sigee 2010 .
Spirogyra collinsii (Lewis) Printz 1927, P. 372
Filaments of rather slender cells, 20-22 μm in diameter and 85-90 μm long, with plane end walls; chloroplast solitary forming 3.5 turns. Scalariform conjugation. Zygospores ellipsoid (Collins 1909 , Prescott 1962 , Transeau 1951 , Bellinger and Sigee 2010 .
Spirogyra crassa Kützing 1843, P. 280
Filaments coarse and stout, vegetative cells 135-140 μm in diameter, 265-275 μm long, with plane end walls; chloroplasts 6, slender, making 1 turn. Zygospores ovate (Collins 1909 , Prescott 1962 , Transeau 1951 , Bellinger and Sigee 2010 . Transeau 1915, P. 27 Filaments of fairly stout cells, 33-36 μm in diameter, 118-122 μm long, with plane end walls; chloroplast solitary, making 2.5 turns. Conjugation scalariform, Zygospores ellipsoid (Collins 1909 , Prescott 1962 , Transeau 1951 , Bellinger and Sigee 2010 . Transeau 1914, P. 292 Filaments of rather slender cells, 20-22 μm in diameter, 88-92 μm long, with plane end walls; chloroplast solitary, making 3 turns. Zygospores ellipsoid (Collins 1909 , Prescott 1962 , Transeau 1951 , Bellinger and Sigee 2010 .
Spirogyra micropunctata
Spirogyra pratensis
Spirogyra scrobiculata (Stock.) Czurda 1932, P. 182
Filaments of short cells, 33-36 μm in diameter, 84-86 μm long, with plane end walls; chloroplast solitary, making 3.5 turns. Zygospores ellipsoid (Collins 1909 , Prescott 1962 , Transeau 1951 , Bellinger and Sigee 2010 .
Species-environment relationships
As it can be seen in Figures 2-6 , water variables as a whole in the Kabul River fluctuated in a small range. Nevertheless, we can see differences between seasons and sites. Thus, the algal growth at the Haji Zai site is negatively correlated with TDS in autumn p<0.01) , and positively correlated with water temperature in spring (Pearson 0.44, p<0.05) . At the Sardaryab site, the algal growth is negatively correlated with Total Dissolved Solids (TDS) in autumn (Pearson -0.43, p<0.05) and positively correlated with pH of water (Pearson 0.61, p<0.01) in spring. Figure 11 shows that species richness of algae on the boats' fouling at both studied sites increases with water conductivity and pH, as well as with TSS (Fig.  12) . Water temperature that was correlated with the concentration of dissolved solids has also slightly stimulated algal species richness (Fig. 13) .
Canonical Correspondence Analysis (CCA) shows (Fig. 14) that pH, temperature, conductivity, TDS, and TSS of water are factors that altogether stimulated the algal species as it was presented for the marine environment by Melo and Bott (1997) . In the freshwater environments, the filamentous green algae are started in successional process of biofouling (Perkins et al. 2010 ) and cyanobacteria followed them. As it has been evidenced, the growth of Spirogyra pratensis (SPIPRA) is mostly determined by water suspended solids, while Cladophora fracta (CLAFRA) preferred warm water, and Cladophora oligoclona (CLAOLI) was slightly suppressed by pH of water. Thus, these factors should be monitored to control the algal communities, fouling boats, especially in the context of the increasing pollution of the river (Ullah et al. 2013 ).
CONCLUSION
We identified fifteen freshwater green filamentous algal species belonging to three genera (Spirogyra, Cladophora, and Rhizoclonium) and two taxonomic families in submerged communities on boats at the Haji Zai and the Sardaryab sites of the Kabul River. Communities fouling boats on the Kabul River are represent the later stage of the succession, and are different from those on other rivers where they were mainly represented by diatoms and blue-green algae. 
